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Executive Summary

In October 2017, the International Joint Commiss{tiC) received a reference from the
Government®f Canada and United States asking to identify the range of nutrient loading issues
that are of concern in the Lake Memphremagog Basin and make recommendations on how current
efforts can be strengthenékhe public is concerned about phosphorus levelpaoideration of

algal blooms in Lake Memphremagog that can adversely affect human health, ecosystems
recreational and toumns activitieson both side of the border. This binational study provides a
portrait of the current state of the Memphremagaienshed (Chapter 2), review of current
management efforts (Chapter 3), a science and policy analysis (Chapter 4), suggestions for
initiatives coming from networking with key stakeholders (Chapfeand recommendations on

ways to consolidate anidhprove binational current efforts geared to reduce concentrations of
nutrients, and the proliferation of aquatic plants and cyanobacteria that they cause in Lake
Memphremagog (Chapter @)his study was written and coordinated by the Memphremagog
Watershed Assoation and Memphremagog Conservation Inc. under the guidance of the
Memphremagog Study Advisory Group made up of 12 local members. To complete the study and
make recommendations, a literature review, a networking survey and a binational Science and
Policy workshop wereompletedand associated reports were produced.

The conclusion of this study is clear: it is imperative that swift and decisive action istéaken
reduce nutrient loading throughout the watershed to reduce nutrient concentrations and the
frequency and severity of harmful algal blooms (HABd)ake Memphremagoghlthough many

efforts in both Quebec and Vermont are currently underway to achievgol, thescience and

policy analysisand networking survey results presented in this report show gaps and opportunities
for additional work and programs. Further, due to the effects of climate change and the current
state of the watershetihere is a urgency to act immediately and in a binational manner to offset
future impacts, prevent further degradation, and move towards improvement of waterajfuality
the lake

Summary of water quality concerns and current programs

Lake Memphremagogovers an areaf 97 knt, of which three quarters is in Quebec and one
guarter in Vermont. Lake Memphremagog is a source of drinking water for approximate 175,000
Canadiansind is used for a variety of human activities including swimming, boating, and fishing
thatattrac t a | ar ge n u mb e These tisestae limited by etevatednditrientdecets | s .
in the lake and resulting cyanobacteria blooms, 156 of which have been reported between 2006
and 2018.

While it is difficult to measure the other impacts of reritiloading on Lake Memphremagdiggy

can have several effects, such as the decrease in biodiversity and changes in species; the increase
in plant and animal biomass; the increase in water turbidity and organic matter leading to high
sedimentation; and ¢hdevelopment of anoxic conditions. These effects may adversely affect
human health and the local economy, including the quality or the treatment of potable water, the
aestheticand recreational value of the lake; navigation; and the presendestofspeaes of
recreational sport interest



The phosphorus concentrations and water quality of Lake Memphremagog vary along its
geography. The lake is considered oligmesotrophic according taootal phosphorus
concentrationsChlorophylla concentrations suggest the lake is mesotrophic in the southern half
of the lake and oliganesotrophic in the northern half of the lakeaning that nutrient levels are
moderaten the southern lake and decrease in the northern portionlakin&itch Bay and South

Bay are isolated and distinct sections of the lake and are considered eutrtiphigh levels of
nutrientsand frequent algal bloomdPhosphorus levels measured in Vermont have averaged 18
eg/L, exceeding the water quality standard ofebdL. Water quality indicatorsuggest nutrient
levels in the lake have been stable for the last 20 years, but it is predicted that climate change wil
increase nutrient loading and algal blooms in the lakéise region. As such, there is immediate
need to develop binational solutionsaontrol nutrient loading to reduce curreyanobacteria
blooms and prepare for a changing climate across theMakephremagog watershed which
covers an area of 1,779 km2, 71% of which is in Vermont and 29% in Quebec.

In Quebec, several stakeholders are working to reduce nutrient loading in Lake Memphremagog.
The Government of Quebec mainly responsiblefor the water resource management,
implementing an integrated management of water resources by wateastiagcognizing the
SaintFrancis River Watershed Governance Comm{iZ¥@GESAF)for the implementation of an
action plan in the SFrangs integrated water managemerbne, which includes the
Memphremagog watershedThe Memphremagog Regional County MunicipalifiRC
Memphremagogis responsibldor theestablishment ojuidelines for the territory management.
Municipalities have an impontd role to play, regulating land development and activitiesugh
permits and regulations, and adopting #megulatory measures and -tre-ground projects.
Several initiatives and ethe-ground projects are also taken by fmofit organizationssuchas
Memphremagog Conservatiémc. (MCI).

In Vermont, nutrientoadreduction efforts are supported through partnerships between State and
Federal agencies, local organizations, municipalities, and landowners. This work is guided by a
phosphorus budget fone lake, called a Total Maximum Daily Load, that sets a 29% phosphorus
load reduction target for the Vermont portions of the watershed. Strategies to achieve this goal are
outlined in a tactical basin plan, which will be updated on ayfeas cycle and wlitrack progress

in meeting the phosphorus reduction target. State regulations and funding to support phosphorus
reduction efforts across all source sectors were included in Act 64 (2015) and Act 76 (2019). Local
organizations have developed partnershgpguide these efforts including a Memphremagog
specific stormwater collaborative and Regional Conservation Partnership Programs targeting
agricultural lands

The Science and Policy Analysis presented in Chapter 4, concludeddbeitg nutrienloading

in Lake Memphremagogill require careful planning and understanding of current state of water
quality, areas of concern, and reduction targto, although there are several efforts and projects
underway to increaskest management practicBMP) installation to reduce nutrient loading,
widespread adoption of BMPsnonitoring, and investment in clean water projectsnust be
strengthened ot reduce nutrient loadingThe Quebec Vermont Steering Committee is an
established leadership group for theshremagog Watershed that provides a binational forum
for the presentation of materials anetiepth analysesndfor environmenrdl collaboration within

the watershed.



The recommendations for a binational approach to reduce the nutrient loads
causing e proliferation of cyanobacteria in Lake Memphremagog are:

1.

Establish watershed nutrient loading reduction goals through a binational watershed model

2. Adopt and expand practical solutions to reduce nutrient loading by land use type through the

installation of BMPsmonitoring,and investment in clean water projects

2.1.Agriculture 7 Adopt widespread ofarm BMPs supported by resources for
implementation and direct service providers

2.2.Developed Lands Adopt BMPs and stormwater regulations for neevelopment
projects and increased implementation of retrofit projects for existing develgpment

2.3.Natural Landsi Identify priority conservation areas thptotect essential ecological
services provided by natural lands in the watershed and implementrpsogna provid
incentives to conserve and restore these Jands

2.4.To support all practical solutions on all land use types, it is further recommended that the
following are incorporated into each recommendation:

a) Incorporate climate change impacts into allisiec-making in order to ensure nutrient
loading targets are met and investments in BMPs aretking and that finite resources
are used effectively.

b) Conduct an malyds of existing enforcement of regulation to determine if there are gaps
in enforcement areas, and to develop a plan to address gaps and identify opportunities for
improvement.

c) In order to enforce regulation, it is recommended that state and provincial agertties
those invested with enforcement authority are provided with increased resources and
more effectively target enforcement systems to reach this goal.

d) Focus tinding initiatives from state, provincial, and federal sources on achieving the
binational goalsleveloped from these recommendations.

e) Incorporate education and awareness to all projects to ensure that more BMPs are
implemented, to ensure local, state/provincial and federain,byand additional
participation in projects.

3. Strengthen the cooperatitmough Quebec Vermont Steering Committee to implement a long

term strategy

These recommendations are more fully described in Chapter 6.
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Chapter 1

Introduction

1.1. Project Background

The International Joint Commission (1JC) is an international organization guided by the Boundary
Waters Treaty signed by Canada and the United States in 1909. The treaty provides general
principles for preventingnd resolving disputes over waters shared between the two countries and
for settling other transboundary issues. The 1JC studies and recommends solutions to
transboundary issues when asked to do so by the national governments. When the 1JC receives a
govenment request, called a reference, it appoints a board with equal numbers of experts from
each country (1JC, 2018).

On October 19, 2017, the IJC received a reference from Global Affairs Canada (GAC) and the
U.S. Department of State (DOS) regarding wateraql i ty I n NnLakes Ch e
Me mp h r e nlhereferance asked to the IJC to identify the range of nutrient loading issues
that are of concern in the Lake Memphremagog Basin and make recommendations on how current
efforts can be strengthened (Global &f§ Canada, 2017; United States Department of State,
2017) It should be noted that concerns regarding the environmental impactéth&ngland

Waste Services of Vermont, INEWSVT) landfill in Coventry were raised by the public during

the course of thstudy As with other industry, phosphorus loading from the landfill is represented
within loading estimates presented in the rephst this reference is focused solely on nutrient
loading, a broader analysis of the landfill and other impartisake Memphremagag outside of

the scope of this reference.

The 1JC developed an initial work plan for the Lake Memphremagog portion of the reference on
February 19, 2018Soon thereaftethe [JC contracted with thebasin organizations
Memphremagog Conservatiémc. (MCI) from Magog, Quebecand the Memphremagog
Watershed Association (MWA) from Newport, Vermgaiot examine current programs and
measures that address eledateitrient levels and algal blooms, and to assist the IJC in making

recommendations dmow to strengthen these efforts.



Initially, MCI and MWA were to submit the final report aluly 19th, 2019 to the 1JGo be
released by the IJC on October 19th, 2H8wever, due to the United States government shut
down starting in December 2018 and going into January 2019, the project was delayed. On March
1%t 2019, the IJC granted the study-ménth extension, with MCIl and MWA submitting the final
report to the IC on Januargt 9", 2020,

1.2. Study Approach

At the beginning of the project period, the Basin Organizations worked closely with the 1JC to
establish a Memphremagog Study Advisory Group (MSAG). This group met and provided
feedback and guidance on tleport and process throughout the project period. The initial MSAG

members were:

CAD MSAG Members US MSAG Members
Sébastien Bourget, Ben Copans Watershed Coordinatdvermont
EnvironmentaScientist Ministére de Department of Environmental Conservation,
I'Environnement et de la Lutte contre les Watershed Management DivisidiV,DEC)
changementslimatiques(MELCC)
Alain Gagnon, Frank Maloney,
Agroenvironmentahnd WateQuality Advisor, Planner, Northeastern Vermont Developmer
Ministére dd'Agriculture, des Pécheries et dj Association (NVDA)
I'Alimentation (MAPAQ)
Julie Grenier, Mark Mitchell ,

ProjectCoordinator, Conseil de gouvernance| Environmental Scientisyermont Department o
I'eau des bassins versants de la riviere Saif Environmental Conservation, Lakes and Pon

Francois COGESAF) Program(VDEC)
Daniel Leblanc, Estrie and Perry Thomas, Program Managek/ermont
MontérégieRegionalDirector, Ministére de Department of Environmental Conservation,
I'Environnement et de la Lutte contre les | Lakes and Ponds Management and Protecti
changementslimatiguestMELCC) Program(VDEC)
Alexandra Roy, Formely Beth Torpey,
ProjectCoordinatorin sustainabléevelopment]  Professor Community Collegd Vermont,
Municipalité régionale de com{&RC) Board Member, Memphremagog Watersheq
de Memphrémagogandthen Constituency Offic Association (MWA)

Manager andPolitical Attache¢ Or f o
ConstituencyQuebec National Assembly

Serge Villeneuve, Bruce Urie,
Ecology and Water Principal Analyst, Regional Stewardship Manager Vermont Lar|
Environment and Climate Change Canade Trust (VLT)
(ECCQC)




Julie Grenier and Perry Thomas were elected by the MSAG to servechaite Due to changes

in staffing and availability during the project period, Alain Gagnon, Daniel Leblanc, and Perry
Thomas were unable to participate until the enchefgroject. In June of 2018ikael Guillou

from the Directorate ofAgri-environmentalpractices MAPAQ, and Nathalie Provost General
Managerof AnalysisandExpertise MELCC, joinedthe MSAG. PeterLaflamme,Directorof the
Watershedvlanagemenbivision of VDEC, formally replacedPerryThomasn July of 2019,with
BenCopansVDEC, takingontherole of Co-Chairatthattime.

To produce this report, the Basin Organizations and the MSAG worked together to:

1. Produce a literature review of current science, policy, and best management practices in
the watershed to understand the current state of nutrient loading and impactd,ass wel
current efforts to reduce nutrient loading (Chapters 2 and 3)

2. Network with key stakeholders by creating a stakeholder survey. This was sent to key
experts in the watershed to understand opinions, challenges, current efforts, and possible
improvementgregarding nutrient loading. Results from the survey were compiled in a
separatéletworking Reporand used as primary research, in the analysistcatevelop
suggestionpresentedn the Memphemagog Report.

3. Provide an analysis of current science and policy regarding nutrient loading (Chapter 4).
4. Developsuggestiond®y country(Chapter 5) antbinationalrecommendationfChapter 6)
to strengthercurrenteffortsto reducenutrientloading
OnSeptember 20 2019, a binational science and policy workshop was held in Newport, Vermont
with experts from both countries. The experts were asked to reaes/of thereliminary report
in advance of the workshop. At the workshop, attendees provigedbdck on the draft
recommendations, as well as other report sections as needed. This feedirasented in a

separate/NVorkshop Reporandwas incorporated into the final report, which was put online in

November, 2019 for a 30 day public comment period.

Twelve public commentavere received by thbasinorganizations via email during the public
comment period. Commenigere reviewed and discussed by the MSAG in January 2020 to decide
whether or not to integrate them into the report. Many of comments were accepted; however,
comments and responses will not be published in this report due to privacy concerns. Individuals
interested in the response to his/her specific comment may contdmetsin@rganizationsThe

reportwassentin January 202@ IJC toreviewandreviseover a threanonth period.


https://www.ijc.org/en/lclm/networking-report
https://www.ijc.org/en/lclm/lake-memphremagog-study-science-and-policy-workshop

Chapter 2 Summary

Memphremagog Watershed Overview

The headwaters of ttdemphremagog Watershed are located in Northeast Kingdom of Vermont,
USA (Figure 1). The water flows north into the Estrie region in Quebec, CAN. Lake
Memphremagog is an international body of water. The watershed is a subwatershed of the St.
Francis river vatershed, which eventually flows into the St. Lawrence River and out to the Atlantic
Ocean.
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Activities in the Watershed

Lake Memphremago@ndthelakes,ponds,andtributariesof the watershedareusedfor a variety
of humanactivities including swimming, boating,and fishing. The wide range of recreational
activities available attraceslarge number dburists and localalike every year, making it a major
tourist draw in the Eastern Townships in Queded the Northeast Kingdom of Vermont

Land Use

The majority of land cover in the Memphremagog Watershed in both Quebec and Vermont is
natural lands which includes forestd water/wetland (Figure Zj8% of the land in Vermont is
natural lands or 982 knand 82% of the land in Quebec or 4212kmgriculture is also a
significant land use in Vermont, comprising 17% or 217 &hithe Vermont watershed. This is
compared td.0% or 49 kmof the Quebec watershebhe developed lands, including paved and
dirt roads, account for 5% of 69 Rrof the land in Vermont and 8% or 41 kin Quebec.
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Figure S22 Vermont and Quebec Watershiedhdusein kn? and percent land cover

Lake Memphremagog Water Quality Data

The Ministry of the Environment and the Fight against Climate Change of Quebec (MBREC)
monitoredthe water quality of Lake Memphremagog at 10 stations covering all areas of the lake
since the early 2000s. According to the trophic status classification chart used by the MELCC, the
lake is globally at an oligmesotrophic level according to the totalopphhorus concentration,
whereas according to the indicator of algal biomass, the chloreplegihcentration, it is situated

at the mesotrophic level in the southern half of the lake and at thenoéigotrophic level in the
northern half of the lake. FitcBay, which is an isolated and distinct section of the lake, shows a
more advanced state of eutrophication. Subject to the uncertainty regarding representativeness of
historical data, the phosphorus concentration would have been stable at the majbetjaké



stations since the start of the monitoring program, although there is a slight decrease when
aggregating the stations. On the other hand, the chlorophyll concentration shows stability at all
stations and for the lake as a whole over the samedpditi@ water quality indicators suggest that

the lake situation has been stable for almost 20 years. The results for Quebec and Vermont are
consistent in this respect.

The Vermont Lay Monitoring prografYLMP) has sampled for total phosphorus concentrations

on Lake Memphremagog since 1985. Total phosphorus trends have been statistically stable since
then. 2018 Lake Score card data indicates that total phosphorus on the main lake in Vermont during
the 2018 summewas 19.1eg/L, with total phosphorus in South Bay in the 2018 spring was 20.2
eg/L and 2018 summer 228y/L. The standard for total phosphorus in a lake set by the Vermont
Department of Environmental Conservation (VDEC) is 14 ug/l for the main lak25siL for

the South Bay segment. Water quality standards for the main lake and South Bay in \Azemont
different based on the characteristics of the lake segment, including the depth and mixing.
Tributary monitoring data from Vermont has identified saleareas with elevated mean
phosphorus concentrations which are target areas for water quality improvementAeffndge

total nitrogen concentrations from over 980 samples from 2005 through 2018 in the lake in
Vermont were 0.31 mf/ Thesenitrogen levels are generally considered low.

Memphremagog Watershed Phosphorus Loading Estimates

Due to elevated concentrations of phosphorus in the US portion of the main lake, VDEC was

required to set a Total Maximum Daily Load (TMDL) for phosphoruss&ioa TMDL, VDEC

used a land use export model to estimate the amount of phosphorus loading, and then
recommended reductions on the Vermont portion of the watershed to meet our clean water goals.
The TMDL wasfinalized by VDEC and approvesy the US Enviramental Protection Agency in

2017. Although this study focused on Vermont, it does provide an estimate of phosphorus loading
from both countries and is the best data currently available (VDEC, 2017d).
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Figure S23 Estimated posphorus loading by land use type to Lake Memphremagog in metric tons per year (m
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Impacts of phosphorus loading on water quality

Cyanobacteria, -akrsenkabgnaeas abeuaquarghtc pr ol

conditions can form blooms, which refer to the result of a massive proliferation phase, resulting in
a significant appearance of biomass (Figure S)me speciegre capable of producingxic
compounds known as cyanotoxiiiie contact, the ingestiocor the inhalation of cyanobacteria

can beharmfulto human or animal health.

Between 2006 and 2018, 145 cyanobacteria
blooms were reported by citizens,
organizations or municipalities to the
MELCC on the Quebec side of Lake
Memphremagog. Between 20Q617 there
were 11 observations of cyanobacteria
blooms made by Cyanobacteria Volunteer
Monitors on the Vermont portion of Lake
Memphremagog.

Figure S24 Cyanobacteria Bloom in La

. . Memphremagog
Otherpotential effects: Photo Credit: MCI

Increased aquatic plant growth

Increased cost for the treatment of drinking water
Decrease in aesthetic and recreational value of the lake
Fish species of recreational sport interest may disappear
Decrease of property values

O O O O o



Chapter 2

Description of Lake Memphremagog and its watershed

2.1. Overview of Lake Memphremagog Watershed

2.1.1. Location and surface area of thevatershed

The Lake Memphremagog Watershed drainage area is 1,779 square kilometp(6gkrsquare

miles (mf)). 71% of the drainage area is in Vermont and 29% is in QUStREC, 20173. The

water flows from the Northeast Kingdom of Vermont, northwarthe Estrie region in Quebec.

The watershed is a subwatershed of the St. Francis River Watershed, which flows into the St.

Lawrence River (Figure-2) and into the Atlantic Ocean.
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2.1.2. Hydrology and geomorphology

The largest lake in the watershed, Lake Memphremagog covers an area of approximateély 97 km
(37mP) with a watershed to dke area ratio of 18 (VDEC, 2017b). The lakerosses the
US/Canadian border, with three quarters of its area in Quebec and one quarter in Vermont. Water
from Lake Memphremagog flows out through the Magog River, Quebec. The average lake depth
is 20 m (65.5 ft) and the maximum depth is 107 m (35IVIMEC, 2017b; see AppendixD).

The average residence time of the water in Lake Memphremagog fron2Q02%vas 1.65 years
(VDEC, 2017b).

The water level of Lake Memphremagog is influenced by the Memphremagog Dand locabe
Magog River in Magog, QuebelIn effort to manage water levels thie lake an international
agreement was ratified in 1935 that sets principles governing the outflow of water from the dam
(United States, 2019). Water lewvabnitoting by the US Geological Survey and Environmant
Climate Chang€anadashow ttat the lakeis geneally keptat207-208 m (680 to 684 ft)Figure

2-2 shows the target lake level for the City of Magog in véth the actual lake level in 2018 in

black, and target upper elevation in blue.

~—ldesllevelafthelake —Levelofthelsketofollow —Messwredlevel

Figure 22. Water levels of Lake Memphremagog
Source: Magog, 2018a.
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There are three major rivers whidhaininto Lake Memphremagog, the Clyde, Black, and Barton
Rivers, al | |l ocat ed i n Ver mont . The Johnos
Quebec/Vermont border also drains in from the Vermont side. In Quebec, the main tributaries are
the Castle Riverthe Cherry River, and Fitch Brook. There are additional lakes, ponds, and over
one hundred streams in the watershed of various size that feed Lake Memphremagog (MCI,
2011a).

The flows of the tributaries were estimated for the 20d4ke MemphremagodPhosplorusTotal
Maximum Daily Load (TMDL). The completemethodologyfor flow estimationis foundin the
modelingdocumentatiorfor the Lake MemphremagodMDL (VDEC, 2017b).

2.1.3. Topography, Geography, and Soill

Lake Memphremagog formed approximately 12,000 yeawsaaga glacial ice sheet melted and
receded northward. Current land formations including many lakes and ponds are a result of the last
glacial event. Glacial till and exposed bedrock are found in upland areas, while alluvial and lake
deposits are found ithe valleys (Dyeet al, 2011; Stewart & MacClintock, 1969).

Geologically, the watershed lies on the Waits River and Giles Mountain Formations. Most of the
bedrock is metamorphosed limestone, schist, and phylite with deposits of marine organisms. This
easly weathered bedrock rich in calcium provides highly fertile soils that have been colonized by
dense northern hardwood forests. Soil g/pethis regionare generdly very productive and
supportive for agriculture. In addition, there are significant granite deposits. For example, nearly
45% of the Clyde River sulvatershed has granite bedrock (Dgeal., 2008).

Surficial geology in the Quebec portion of the watersisecharacterized by soils formed from
different types of till deposits, dotted of rocky lands at the north and at the west portions of the
watershed, with some organic soils and other types of soils located around the watershed (IRDA,
2008a; 2008b, 20082008d, 2008e, 2008fpurficial geology is similafor the upland areas of

the Vermont portion of the watershedHowever, large sandy deltaic and outwash depasés

found in Vermontlong the Black and Willoughby Rivers, upper portions of the BartoiChyuk

Rivers, andn areassurrounding Lake Memphremagog (Stewart & MacClintock, 1969).
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Lake Memphremagog is at 208 m (682 ft) in elevation ([2yel, 2011). The Vermont portion

of the watershed is relatively low in elevation, with the western sidéebed by the Lowell
Mountain range rising73 m (2,535 ft) above sea level. In the southern side of the watershed, Bald
Mountain rising1,010 m (3,315 ftabove sea leveis the highest point in elevation (Dyet al.,

2008).

According to the Ecological Reference Framework adopted by the government of Quebec
(MDDEFP, 2013), Lake Memphremagog watershed is part of the Appalachian natural province.
The western part of the Quebec portion of the watershed, included in the GredaaiMonatural

region, has a mountainous and hilly topography with slopes greater than 30% around the Mounts
Orford, Gi roux, Owl 6s Head, El ephant-2).Tikeugar
highest points Mount Oford rising 853 m(2,798 ft)alove sea levelThe east side of the Quebec
water shed, I ncl ud eBaucematurahregior? has d hdlyatopogdaphl and the e

Bunker Hill is the only major topographic element.

2.1.4. Climate

Northeastern Vermont and the Estrie haveaadable climate with distinct seasons. Weather
patterns are characterized by changeability, large temperature ranges both daily and annually, and
significant differences in weather between the same season depending on the year. Daily
temperatures and snéall are affected by the altitude and specific area, while precipitation is
equitable throughout the entire area. Frequent thunderstorms in the summer and large snowstorms
in the winter are common. On average, the area receives 101 centimeters (cnmc(@xdin))

of annual rain, 256cm (101in) of annual snow. Average summer high temperatures for July is 26°
Celsius (C) (79° Fahrenheit (F)), with 12°C (55°F) for low, conversely;wmder averages for
January are4°C (24°F) for the high, and on averaé°C (3°F) for low temperatures (Vermont
Weather, 2018).

2.1.5. Climate Change Impacts

Climate change is expected to continue to alter precipitation patterns and increase average
temperatures in Vermont and Quebec. An increase in the frequency and intestynoévents

in Vermont and Quebec has already been observed (EPA, 2016; Ouranos, 2015). Average
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precipitation for the state of Vermont has increased by 2.5cm (1in) per decade between 1941 and
2014 (Galforcet al, 2014). Similarly, average precipitatitor the south of Quebec has increased

by 2.5cm (1in) per decade between 1960 and 2013 (MDDELCC, 2015a). Precipitation increases
have occurred mainly during the spring and fall events, while snow precipitation has decreased
annually (Mekis & Vincent, 2011)According to the2018 Hydroclimatic Atlas of Southern
Quebecthe fall and summer floogheaks will probablycontinue toincreaseby the year2050
(gouvernement du Quéhez018&).

Average temperatures in Vermont have risen by 1.5°C (2.7°F) between 1941 and 2014, with 0.2°C
(0.4°F) of that increase occurring between 20044 alone (Galforcet al, 2014). Average
temperatures in the south of Quebec have also risen By210%C (2.0and 3.6°F) between 1961

and 2010 (MELCC, 2019a). The increasing average temperatures is causing milder winters and
will likely continue the trend of converting winter snowfall to wintain (Ouranos, 2015).

Climate change must be taken into account whikaveloping management plans and
recommendations to reduce nutrient loading in the Memphremagog watershed. An increase in the
intensity of storm events will likely result in increased stormwater flows that can lead to flooding,
riverbank instability, rundf and increased pollution and nutrient loading (étaal, 2015).
Additionally, warmer average annual temperatures are predicted and could lead to increased
thermal stress on water bodies, potentially affecting the intensity and duration of algal blooms
(VDEC, 2017a). Climate change may also prolong thermal stratification, potefegdiyng to a
decrease in the dissolved oxygen concentration in the bottom water and an increase of phosphorus
released from sediments (X@fal., 2015) As such, the impact of climate change on future nutrient

loading and algal blooms must be considered.

2.1.6. Administrative Boundaries, Population, and Demographics

In Vermont, the Lake Memphremagog Watershed spans Essex and Orleans counties. These
counties ardJnited States Department of Agriculture (USDA) designated rural areas. Newport
City located at the southern end of Lake Memphremagog is the largest city in the Vermont portion
of the watershed, and the most densely populated area with a population @ft4t&8@me of the

2010 US Census (Newport City, 2018). In Vermont, municipal, state, and federal policy can affect

water quality and/or land use regulations.
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Given that the watershed has different boundaries from town and county lines, an exacopopulati
estimate for the dAwat er-%shewd al Verrmaont manicipalitesathat u | at
have land in the watershed with area of land id &ndl percentage of each town in the watershed.
Further, the table shows the full population of the towtha time of the last US Census (US
Census, 2018). Newport City has the largest population and that is 100% in the watershed,
followed by Derby, which is 93.7% in the watershed, and Barton, which is 100% in the watershed.
The US census estimates that plo@ulation of Orleans Countywhich largely overlaps with the

Lake Memphremagog watershed has dropped by 1.2% from April 1, 2010 and July 1, 2018.

Table 21. Vermont municipalities of Lake Memphremagog Watershed

Municipality name  Population Percent of km?in watershed
(2010 Census) municipality in
watershed

Averys Gore 0 3% 1
Newark 581 2% 2
Wolcott 1,676 2% 2
Eden 1,323 2% 4
Warners Grant 0 55% 5
Warren Gore 4 44% 12
Lowell 879 10% 14
Sheffield 703 19% 16
Holland 629 18% 18
Sutton 1,029 18% 18
Newport City 4,589 100% 20
Newport Town 1,594 22% 24
Greensboro 762 25% 25
Craftsbury 1,206 65% 67
Coventry 1,086 100% 72
Brownington 988 100% 73
Westmore 350 79% 77
Brighton 1,222 57% 80
Morgan 749 99% 87
Glover 1,122 92% 92
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Charleston 1,023 100% 100

Albany 941 100% 101
Irasburg 1,163 97% 103
Barton 2,810 100% 115
Derby 4,621 94% 139

The counties which make up the watershed have the highest poverty rates in the state of Vermont.
The average poverty rate from 202015 for the state of Vermont was 11.5%, whereas the poverty
rates for Essex and Orleans Counties were 15% and 15.5% neslge@®fermont State Data
Center, 2017).

In Quebec, the Lake Memphremagog Watershed spans two federal districts; \Bissisguoi

and ComptofStanstead, one provincial district, Orford, and one administrative region, Estrie.
There are 10 municipalities the Quebec portion of the watershed with more than Zitkrthe
watershed (Table-2). AImost all the municipalities are included in the Memphremagog regional
county municipality (MRC), which is composed of 17 total municipalities. Only the municipality
of StansteaEst, with around 2 k&in the watershed, is included in the Coaticook MRC.

Table 22. Canadian municipalities in the Lake Memphremagog Watershed

Canadian Population in 2016 | % of the municipality | km?in the watershed
Municipalities in the watershed
Saint-Benoit-du-lac | 32 100% 2
StansteadEst 584 1.7% 2
City of Stanstead 2,788 14% 3
Bolton-Est 940 29% 23
Ogden 741 64% 48
Orford Township 4,337 35% 48
Potton Township 1,852 21% 55
Austin 1,485 96% 71
City of Magog 26,669 64% 92
Stanstead Township 1,036 96% 109
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Source: 'Statistiques Canaga018;

’MRC Memphremagog, 2018, unpublished data.
For the last fifty years, the permanent population of the MRC Memphremagmgienced
constant growth, with an increase of 20.4 % from 2001 and 2016. The population growth for the
MRC is higher than the Estrie and the Province of Quebec (MRC de Memphrémagog, 2018). From
2011 and 2036, it is predicted that the population willraase by 20.3% (MRC de
Memphrémagog, 2018). The City of Magog is the largest city in the watershed, with an estimated
population of 26,669 and a density of 184.6 people pé(&matistiques Canada, 2018). In Quebec,
municipal, regional county, provinciand federal policy can affect water quality and/or land use

regulations.

Low-income household rate of the MRC is lower than the provincial average and the Estrie. The
average lowincome rate from 2022014 for the Province of Quebec was 8.6% and 7.7%héor
Estrie, whereas the leimcome rates for the MRC was 6.5%, with a decrease eachlgstiug

de la statistique du Québec, 201IR)20182019, the median price of a singimily home sold

in the main municipalities of the Quebec portion of the vehitedl (which has more than 3 %in

in the watershed) was CAI8$6,125 for Orford CAN$277,000 for AustinCAN$262,500 for
Potton, CAN$242,618 for Magoggcompared to CAN$ 255,000 in the Province of Quebec and
CAN$195,500in Estrie (Centris, 2019; data unavailable for BoliEst, Ogden and Stanstead
Township).

2.1.7. Lake Uses

In Vermont, Lake Memphremagog is designated as a Class B(2) waterbody under the Vermont
Water Quality Standards, 2016. This means that the lake is mattagagportusesincluding
swimming, boating, fishing, aquatic biota, aquatic habitat, aesthetics, drinking water source and

irrigation.

In addition to its designation, Lake Memphremagog and the lakes, ponds, and tributaries of the
watershed are used forvariety of human activities including swimming, boating, and fishing.
The wide range of recreational activities available attracts a large number of tourists and locals
alike every year, making it a major tourist draw in the Eastern Townships in Queabeéc an

Vermont.
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In the Quebec side of Lake Memphremagog, there are six public beaches, five municipal boat
launches, 27 marinas, and more than 4000 permanent boats, with more than 2000 motorboats
(MRC Memphremagog, 2019, unpublished data; MCI, 2012). Therityaof the marinas and

boats are located in the Town of Magogthe North of the Lak@Cl, 2012). Vermont has one

public beach, one municipal boat launch, and three Fish and W(ktlifie owned) access points.

Lake Memphremagog and the Clyde Riaee also a part of the Northern Forest Canoe Trail; a

1,190 km (740 mi) canoe trail spanning from Old Forge, New York to Fort Kent, Maine.

The watershed is home to many popular fishing destinations in both Quebec and Vermont. For the
Eastern Townships, ka Memphremagog is the most important fishing spot in the area (Roy, S.,
MFFP, 2018, pers. comm.). Although eleven species are commonly fished, the salmonids are the

most economically valuable species.

Lake Memphremagog is a drinking water source forertban 175,000 people living mostly in

the City of Sherbrooke, the City of Magog, the municipality of Potton, and the municipality of
SaintBenoitdu-Lac. Other private waterside residents in both Quebec and Vermont may take
their drinking water directlyfrom the lake. There is no public drinking water uptake on the

Vermont portion of the lake.

2.1.8. Land Use

Figure 23 shows Vermont and Quebec watershed land use3mkdpercent area. The majority

of thewatershedn both Vermont and Quebec is natural lands characterized by forest/shrub and
water/wetland cover. Natural lands account7®?o (982 km) of the land in Vermorand82%

(421 kn?) of the land in Quebedgriculture is also a significant land use in Vermaomprising

17% or 217 krhof the Vermont watershed. This is compared to 10% or 49dfrthe Quebec
watershed. The developed lands, including paved and dirt roads, account for 5%)(69 thie

land in Vermont and 8% (41 Kinin Quebec.

The map of Lak Memphremagog watershed land use is in AppendixMore details on how
Vermont Department of Environmental Conservat(®EC) calculated land use values are
available online:
https://dec.vermont.gov/sites/dec/files/wsm/mapp/docs/Memph%20TMDL%20documentatic#%208
17.pdf
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Figure 23. Quebec and Vermont Watershed Land Use iR &nal percent land cover
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Agriculture in the Quebec portion of the watershed

The Quebec portion of the Lake Memphremagog watershed has 53 regagpecattural producerg/hich
their civic address of the main production site of the farm is in the watershed; with a total area of*5¢
According to farm registration cards, horticultural, fruit crops, and annual crops are largely in the mi

Production type Area (kn¥) Proportion (%)
Annual crops (corn, soya, cereal) 2.9 5.1
Perennial crops (grassland or pasture) 25.5 44.9
Horticultural and fruit crops 0.8 1.4
Forest, sugar bush, fallow 27.7 48.6
Total area of agricultural land 56.9 100

Source: (MAPAQ, 2019, unpublished data).

The 53 agricultural producers indicate conducting direct sowing or minimum tillage on 11
corresponding to 41% of annual crops (290 ha). 28 farms (53%) operate livestock farming, mait
cattle, poultry, ad dairy cattle. This distribution explains the large number of manure storages in the

Animal unit Proportion (%)

Beef Cattle 1501 54.5

Poultry 716 26.0
Dairy Cattle 352 12.8

Sheeps 116 4.2

Horses 50 1.8

Others 21 0.7

Total 2756 100

The animal density corresponds to 0.48 AU / ha of agricultural surface and 0.97 AU / ha of surface if
and perennial crops. This average animal density can pose challenges in terms of management
fertilizers mainly on perennial crops (date$ application, doses, modes of supply, distances f
watercourses and ditches). However, soil phosphorus enrichment appears to be limited accordit
Quebec Soil Test Results Database. On a compilation of 1012 soil analyzes carried out betwaad
2017 in the MRC Memphremagog, the average soil phosphorus content was 68 kg / ha (median 4§
and its average saturation rate P / Al of 2o/(median 1.7%; MAPAQ, 2019, unpublished data).
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2.1.9. Protected areas

Appendix 24 shows the Quebec and Vet protected areas in Lake Memphremagog watershed.
In Quebec, a proportion of 9.0% of the watershed is protected, when in Vermont, the proportion
is 14.5% Rivest, C., COGESAF, 2019, unpublished data)

2.2. Water quality data: Lake Memphremagog and itstributaries

Water quality data in this report include data from tributaries and Lake Memphremagog. It should
be noted that monitoring protocols and laboratory analyses differ between Vermont and. Quebec
This may influence the median and mean values and makes the median and mean values between

the two countries not directly comparable.

2.2.1. Tributary water quality data

2.2.1.1.  Quebec tributary water quality data

The MRC Memphremagog coordinates a tributary monitgomogram that has sampled over 40

sites throughout the Quebec portion of the Memphremagog Watershed since 1998 (see section
3.2.1.2).Figure 24 presents the concentration medians obtained for total phosphorus from 2005

to 2018. Five sulwvatersheds excedtie Quebec criteria for surface water quality to limit the
excessive growth of algae and adhestaricnoapdsant s
with a mean phosphorus concentration of 44 ug/L or gréatéhe Quebec portion of the
watershed. fis value is used by Vermont tprioritize areasto implementefforts to reduce
phosphorus ithe watershed (VDEC 2017d.)

20



|lLegend : L—'\
i \
! 1 Watershed P
— AR
Lakes sarnd t -\
7 l’ 7 L2 \
streams \ / \ s o
)
[:I Town Boundary ¢
X 1
Phosphorus (ug/l) & S0 N e
Median "
[ !55-200 g :
| '204-300
— ‘ \
E-:E 30.1-43.9 Castle \‘
[777) a0 + /
) ) ‘ y.
' [ = \
{ L
&1 (N ¥
{ £ \ v ¥
( 'S 1 L] J
] = | cummins y
o \ : Hermitage
! \ mitage,.
; 3 Notre-Dame
& \ : viflales "'
4 h lal65
“ ; Chemin Taylor de1'Ahsé
J West | 4 i
4 ,' ; { :P‘a\)tterson % ‘
3 RULONEY TN (8 o
g gin S (R e | ‘Shintf!Bé/noit A A"/o | 2
\ ‘ 1
\ . P McAuI‘ey ‘
ol 3 “\  Glen | !
A { i é I#
\ s’ ; & 4
\ S~ Georgeville ) & \
\ | PR N \ 6‘,’0 ‘ ,'
\ ‘ % Fitch
Vi 4 1 Taylor O
[ =N ( 1\
I Gale
’ ‘; @ i
g Lemieux A
{ e / N
. Vale S ” |
\ Boynton f - /
b i B0l
1 g y % /
| Limekiln 2
- \ S
h! f
) 4
/ 3 Tomkin \
[ 4 ),
i f Vs
¥ \ =y 2 .
{ b Ceg!"m;! H 3 I-f
/ . ~
4.3 “ : ) l
NS
y A e
~
\\ v NEN
>
Y |
i
0 25 9 10 15

T I aaaaa— lometers

Figure 24. Concentration medians of total phosphorus from 2005 to 2018 for the tributaries of the
Quebec portion of the watershed.
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2.2.1.2.  Vermont tributary water quality data

Supported by the LaRosa Partnership Program through the VDEC, the tributary monitoring
program ha sampled over 153 sites throughout the Vermont portion of the Memphremagog
Watershed since 2005 (see section 3.2.2.3). Figtbepsents the concentration medians
obtained for total phosphorus from 2005 to 2016. Watersheds with mean phosphorudeaiies a

44 ¢g/L have been identified as target areas for phosphorus reduction efforts across the watershed

(VDEC 2017d.)
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Figure 25. Concentration medians of total phosphorus from 2005 to 2016 for the tributaries of the
Vermont portion of the watershed. Areas with elevated mean phosphorus concentrations are also
shown as these are target areas for water quality improvement effodenioM.

2.2.2. Lake Memphremagog water quality data

Twelve water quality sampling sites are located on Lake Memphremagog and itstoeitédigog

River (Figure 26). In Quebec, since 1998jne sites have been sampled by the Minisify
Environment and Fight agest Climate ChangMELCC,Mi ni st re de | 6Envi ro
Lutte contre les changements climatiguescollaborationwith Memphrémagog Conservation

inc. (MCI), when the outlds sampled since 2002 (see section 3.2.In2yermont, two sites have

been sampled through the Lay Monitoring program since 1985: one in the center of South Bay and
one located in center of the lake off Whipple Point (Memph 03; see section 3 3a2ngles were

also taken from 2005 to 2012 through the Vermont Lake Assessment program at the same locations
as the Lay Monitoring Prograrthe Vermont Lake Assessment program atsopedat a site in

the middle portion of Lake Memphremagathich has also beesampled by MELCC (Station
249/Memph 04; see section 3.2.2.2).
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2.2.2.1.  Lake Memphremagog water quality data: Quebec monitoring sites

Context

The Ministry of Environment and Fight against Climate Change of Quebec (MBUDGtere
d e nlirénithentet de la Lutte contre les changements climatiques du Quéimdtors the
water quality of Lake Memphremagog at nine stations on the Lake since ri®@9 its outlet
since 2002 (Figure XX). The distribution of the stations makes it possible to have a rel
good spatial coverage of the various areas of the Lake. Similar to the monitoring d
Vermont, it is focused on the trophic status assessin@sed on the measurement of tg
phosphorus (TP) and chlorophyli(chta) concentrations
(http://www.environnement.gouv.qc.ca/eau/rsvl/methode3.htirhe inconsistency in th
availability of the transparency data measimath the Secchi disk (TRAN) over the years d
not permit the use of this variable to highlight changes in lake productivity. Transparency
least accurate indicator of trophic status.

The sampling techque has remained stable from 1999 to today. However, the meth
conservation of the samplings and measurement of the total phosphorus was the su
modifications in 2009 and 2011. These led to declines in the data that were detect
guantifiedvery recently following a rigorous evaluation of all analytical results and pos
sources of bias. The final results of this work are not yet available. In order to be able
Quebec phosphorus data for this report, the data have been corraujg@mgiorary correctiof
templates. Although these can produce data sets that appear consistent and plausik
caution is required in their analysis and interpretation. The findings and conclusio
therefore necessarily cautious at this stagedaails of the uncertainty inherent of the resy
are presented.

The number of samples taken annually was generally four divided in June, July and Aug
it reached 7 in some years including May and the period from September to November.

egual weight for each year, only June, July and August data were usedtdranghterannual
average valueand trend analyzes were performed over two periods, from 1999 to 20
stations) and from 2002 to 2018 (10 stations). The period 2002 to 2018extthe results fron
1999 to 2001 which are the most heterogeneous in terms of the number of samples and
of the absence of the outlet station. The comparison of the results of the two periods n
possible to highlight the effect of these thyears.

It should be noted that total phosphorus data for 2018 are not corrected data, but af
results produced using the modified and proven analytical method and procedures. Thes
are reliable. Despite the adjustments made on the Quabmctisé difference with Vermorn
monitoring data remains statistically ¢
according to the results of paired samples analyzed in parallel in 2018.

The differences between the Vermont monitoring datat@d)uebec monitoring data in th
southern part of the Lake are higher than the one mentioned above. In addition to the ing
of the correction models and the peculiarities of analytical chemistry methods and proc
other factors may be involvad this difference, including the sampling protocol. Quebec
Vermont continue the evaluation of these factors.
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Trophic status

Figure 27 presents the trophic statlassification chart for lakes used by the MELCC. The limits

of the major trophic classes are consistent with the recommendations of the Canadian Council of
Ministers of the Environment (CCME) and historically used as a result of the Organisation for
Econanic Cooperation and Development (OECD)'s work on eutrophication. Transition zones are
based on a review of the most widely used empirical vatueastern North America. The values
defining the trophic classes for total phosphorus are higher thae tised by Vermont (Section

2.3.2.2), while the limits for chlorophyll are similar.

Ultra- Oligotrophic —|— Mesotrophic—l— Eutrophic Hyper-
oligotrophic Oligomesotrophic Mesoeutrophic eutrophic

| I [ | ]
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Figure 27. Diagram of the trophic status of lakes used by the MELCC

Based on the average phosphorus concentration since 1999 or 2002asiw@018 (Table-2

3), Memphremagog Lake would be at an oligesotrophic (OM) level at all stations, with the
exception of NortkEast Fitch Bayyhich isdefinitely mesotrophidM), at the edge of the meso
eutrophic (ME) transition zone. Overall, wheonsidering all the grouped stations, the lake is at
an oligemesotrophic level. The northeastern section of Fitch Bay is a distinct body of water
separated from the rest of the lake. It is unlikely that the trophic status of the lake will change

significantly following the final correction of historical phosphorus data.



Table 23. Average total phosphorugTP) concentrations and trophic status at Lake
Memphremagog stations.

Station Average Total Trophic Status
Phosphorus
Concentration (ug/L)
1999 2002 2018 | 1999 2002 2018
2018 2018 2018 2018
M249 (03020249) 12.8 125 117 oM OM OM

M94 (03020094) 11.4 111 105 OoM oM OM
M96 (03020096) 11.7 114 95 oM oM OM
M92 (03020092) 11.2 11.0 13.0 OoM oM OM
M91 (03020091) 104 104 7.9 oM oM OM
M95 (03020095) 9.4 9.4 7.4 oM OM OM
M246 (03020246) 9.7 9.8 1.7 OoM oM OM
M90 (03020090) 9.8 9.7 8.1 oM oM OM
M73 (03020073) - 11.4 8.8 - OM OM
M93 (03020093) 20.2 194 211 ME M ME
Grouped stations| 11.9 11.7 10.6 OM OM OM

OM: Oligo-mesotrophic, M: Mesotrophic, ME: Mesatrophic

The trophic status signal given by the concentration of chlorophyll iasimtmogeneous (Table

2.4). In the southern sections, at the latitude of Fitch Bay and the center of the lake (M249, M94,
M96, M92 and M91), the average measured concentrations are at a mesotrophic lake level for the
three periods considered, with the excapbf the M91 station at the center of the lake which was

at an oligemesotrophic level in 2018 (Table 2.4). In the sections of Sargent Bay, the northern
portion of the lake and the outlet (M95, M246, M90 and M73), the average concentration
corresponds ta lake with an oliganesotrophic level. Although the average lake concentration is
generally mesotrophic, there appears to be a significant decrease between the southern and
northern portion of the lake, which is approximately at the latitude of M91.ithsplvosphorus,

the northeastern portion of Fitch Bay is much more degraded and has a eutrophic status according

to the chlorophyll concentration.
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Table 24. Average concentrations of chlorophglland trophic status at Lakéemphremagog
stations.

Station Average Trophic S
Chl or o hy
Concentrat
199¢200 2013199 200 201
201 201 201 201
M249 (03 4.5 4. ¢ 4, M M M
M94 (030 4.2 4. 3.¢( M M M
M96 (030 4.2 4. 3.1 M M M
M9203020 4.4 4. 3 M M M
M91 (030 3.7 3.7 2. M M oM
M95 (030 3.0 3.(C2.¢{ OM OM OM
M246 (03 3.4 3.3 oM OM OM
M90 (030 3.0 2.7 2.( OM OM OM
M73 (030 - 3. 2. ( - OM OM
M93 (030 11. 10. 13. E E E
Grouped 4.7 4.« 4.1 M M M

OM: Oligo-mesotrophic, M: Mesotrophic, ME: Mesatrophic

There is a mismatch in the phosphorus concentration data between Vermont and Quebec at the
M249 joint station in the south basin, while the concentrations of chlorophyll are similar. For both
Quebec and Vermont data, there is a difference in the troticssignal between phosphorus

and chlorophyll, but this is inverted in both sets of data. Phosphorus shows greater eutrophication
compared to chlorophyll in the Vermont results, whereas it is the opposite with Quebec data in this
portion of the lake. This due to the upward mismatch between Vermont TP results compared to
Quebec, as well as the difference in trophic status scales. However, the consistency of the trophic
status signal from chlorophyll data between the two monitoring programs at this staiidd be

noted. Although both are related, the chlorophyll concentration is a variable that expresses the

effects of eutrophication more than total phosphorus.
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Evolution of water quality

A temporal trend analysis by station and for the grouped statassperformed on the total
phosphorus and chlorophyll data for the periods 1999 to 2018 and 2002 to 2018 using the Mann
Kendall test and the linear regression on the annual average concentrations. Considering results
between the two methods are broadihamrdant, only those of the Maiendall test are
presented. Overall, fall combined stationghere is a statistically significant decrease in total
phosphorus concentration for the period 1999 to 2018 (Tab)eAthough the decline is visually

appaent also for the period 2002 to 2018 (Figwe¢ 2, it i s slightly above
of 0.05. On the other hand, the analysis by station highlights a lack of statistically significant trend

for the vast majority of them, despite the fact thaipgically there is an appearance of decrease

for ot her stations, as also reflects the rel
significant decline at M96 off Fitch Bay and the decline at M94 at the border for the period 1999

to 2018 stand duThe high results of the year 2000 (Figur8)2xplain in part the significant
decrease over the period 1999 to 2018 for the grouped stations. The results for Quebec and

Vermont at the M249 station in the southern basin are consistent.

Table 25. Mann-Kendall trend test results of average annual TP concentrations at Memphremagog
Lake stations.

Station 19992018 Trend 20022018 Trend
Tend. P Tend. p
M249 (03020249) M 0.064 M 0.484
M94 (03020094) G 0.015 M 0.064
M96 (03020096) G 0.002 G 0.007
M92 (03020092) M 0.315 M 0434
M91 (03020091) M 0.230 M  0.202
M95 (03020095) M 0.056 G 0.036
M246 (03020246) M 0.417 M 0.232
M90 (03020090) M 0.206 M 0.108
M73 (03020073) - - M  0.392
M93 (03020093) M 0.974 M 0.108
Stations groupées C 0.012 Mo 0.064

b: no significant trend; : significant downward trend
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Figure 28. Average annual PT concentrations for the periods -P848 (9 stations, tograph)
and 20022018 (10 stations, bottom graph).

Uncertainty about the accuracy of the total phosphorus corrected data at this stage implies that
results of the trend analysis should be interpreted cautio8siall changes in the correction
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models coulaswitch the result of the statistical analysis. At this time, it canteepretedhat the

phosphorus concentration in Lake Memphremagog is either stable or slightly decreased.

On the other hand, the results of the trend analysis on chlorophyll datanteaw#iguity on the

stability of this important water quality variable with respect to eutrophication (Tahl€&@ure

2-9). The results ar@efinitely insignificant at all stations and grouped stations for the two periods

of analysis. Only site M96offi t ch Bay i s

approaching

t he

U

t hr

2018. This is the station and the period when phosphorus decline is the most significant (p = 0.002).

Chlorophyll results are consistent with those from Vermont at M249 at the south basi

Chlorophyll data indicate that the trophic status of Lake Memphremagog has not changed since

the early 2000s. Due to the stability in the method used for the determination of chleeoahdgll
given that the data from TP and -@hhre paired, these réisusupport the finding of stability in

phosphorus concentration, or a decline with insufficient magnitude to also be reflected in the algal

biomass indicator.

Table 26. MannKendall trend test results on annual averafgrophyllta concentrations at
Memphremagog Lake stations.

Station

M249 (03
M94 (030
M96 (030
M9203020
M91 (030
M95 (030
M246 (03
M90 (030
M73 (030
M93 (030
Grouped

19992018 Trend | 20022018 Trend
Trend P Trend p
Mo 0.495 89) 0.484
M 0.529 B5) 0.902
(9) 0.080 Fo 0.266
2)) 0.294 29) 0.837
M 0.552 M 0.458
M 0.600 M 0.621
M 0.441 8)) 0.650
M 0.916 b 0.458
- - M 0.964
Mo 0.576 8] 0.127
M 0.944 29) 0.484

b: no significant trend
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Figure 29. Averageannual concentrations of chlorophwlifor the periods 1992018 (9 stations,

top graph) and 2002018 (10 stations, bottom graph).
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2.2.2.2. Lake Memphremagog water quality data: Vermont monitoring sites

According to the 2018 Vermont DEC Lake Score Card water quality trend analyses (Figre 2

Lake Memphremagog is stable overall in since 1B85ed orsummerLay Monitoring total

phosphorus (TP) and chlorophgi(ChlaJu s i ng Kendal | dostesissimgarPaatuk cor r
of 0.05 Summer and spring TP levels from the main lake with samples takerWitnpple Point
Station/Memph 03 (Figure-20) remain consistently above the VDEC standard oEdAL.

Samples taken from the South Bay Station (Figutd Pshow statistically stable trends, and TP

typically below the VDEC standard of 2§/L. The TP standard for the mdake and South Bay

are different based on the characteristics of the lake segment, including the depth and mixing.

For more information on how to read the Lake Score cards or how the data is calculated for Figure
2-10 and 211, please see:
https://dec.vermont.gov/sites/dec/files/wsm/lakes/docs/2017%20How%20Lakes%20are%20Scor
ed_final%20Apr%2012.pdf

Total nitrogen has also been sdatbby VDEC biweekly as part of a TMDL monitoring study
from 2005 through 2012, and annually as part of the spring phosphorus monitoring program.
Average total nitrogen concentrations from over 980 samples from 2005 through 2018 at sites
Memph 03 and Mentp04 in Vermont were 0.31 nigAt both locationsThese nitrogen levels are
generally considered lowhe average of the nitrogen to phosphorus ratios for the lake based on
the spring phosphorus monitoring program from 20@®017 was 24 to andlakeswith ratios

below 20 to 1 are more likely to support cyanobacteria blooms particularly in warm water.

33


https://dec.vermont.gov/sites/dec/files/wsm/lakes/docs/2017%20How%20Lakes%20are%20Scored_final%20Apr%2012.pdf
https://dec.vermont.gov/sites/dec/files/wsm/lakes/docs/2017%20How%20Lakes%20are%20Scored_final%20Apr%2012.pdf

Spring TP Trend: p = 0.9165 | CV = 14 Summer TP Trend: p = 0.1424 | CV = 20

Stable Stable
Spring TP Annual Means Summer TP Annual Means
o =
) H
g g
]
£ 5
g £
& o
=] [ R 0] (=] [ b (=) =] (] [~ ] (=) [
BEE S 29 29 R e e
[=v) o o - (] () =y (2] [=1] | o o
Lake Area: Wear
52203 acres " o
Summer Secchi Trend: p = 0.058 | CV =17 Summer Chla Trend: p = 0.2642 | CV = 23
Stable Stable
Maz Depth:
107 mete '
metes Summer Secchi Annual Means Summer Chla Annual Means
Mean Spring TF:
18.4 ugiL Wear -
T N N S S N W N om
Mean Summer TF: %3%%%%%%%%%%%%%%%% E
19.1UQ.IIL GLUTCD'DMthGMhm‘:DGhJLmW g_\
Mean Summer Shilg; = E‘
4.7 ugll = 2 =
B L]
Mean Summer Sacchi: 3 4
3.8 meters E
85
w0

-Hypereutrophic

-Eutmphic
-Mesuh'ophic
Oligotrophic

Stresses [/ Impairments
Impaired - Phosphorus
Altered -- flow

Figure 210. Memph 03 Monitoring Station: Lake Memphremagog Score Card Trends and Status
Report with data fromd985 through @18.

34



Spring TP Trend: p = 0.0953 | CV =19 Summer TP Trend: p = 0.4969 | CV = 14

M Stable Stable
Lakes Are
Scored Spring TP Annual Means Summer TP Annual Means
= =
g g
L]
e 2
o £
[ a
3 8
[ £
0
[ T % T ST T O T O O D O S e ] =] ] =] B2 [ o] [ %]
- - -1 -1 = = = = = = = =
o D O = kM W & h @ o~ @ o £ o (=] = B £ f=1] 0
‘ Lake Area: Wear Year
+ TO8.7 acres #
| Summer Secchi Trend: p=1|CV =6 Summer Chla Trend: p = 0.4969 | CV = 33
Stable Stable
Max Depth:
5.5 meters .
Summer Secchi Annual Means Summer Chla Annual Means
Mean Spring TF:
20.5 uglL ear o 12
=]
Mean Summer TF: § § § E g g E E : 10
22.6 ugll B = =] =] %] - @ -] - 8
M =1 : = 0 g 6
: ;en urnmer Shia: 05 g 4
.7 uglL = =
ﬁ_ 1 o 2
Mean Summer Sacchi: a8 15 0+
1.8 meters E 3 § § § E E E =] E
E I (=] o =] (2% L= o o
w 25
“ear

-Hypereuirop hic
Eutrophic

-Mesntrnphic:
Dligotrophic

Stresses [ Impairments
Stressed — Mutrients

Stressed -- Phosphorus

Figure 211. South Bay Monitoring Station: Lake Memphremagog South Bay Score Card Trends
and Status Report with data from 2005 through 2018
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2.3. Nutrient Sources

Figure 212 and Table Z show the estimated watershed phosphorus loading by land use type for
Vermont and Quebec. These results are basedphogphorudand use exponnodeland are
presented in percent loading and metric tons per year (mT/y). Thid amatihe loading estimates
were developed by VDEC as a part of the Lake Memphremagog Total Daily Maximum Load
(TMDL) for phosphoruswhich wasfinalized by VDECand approved by th&nited States
Environment Protection Agengi£PA). For more information on the process, models, and results

of the TMDL, please see section 3.2.2.2.

Materials are also available online at:
https://dec.vermdmov/sites/dec/files/wsm/mapp/docs/Basinl7_TBP_Signed.pdf

It should be emphasized that these phosphorus loading figures are estimates, and that there is
significant uncertainty inherent in the modeling process. This model was calibrated based on
loading data from the Vermont tributaries only. This means that there is even greater uncertainty
in the Quebec figures compared to the Vermont figures; however, the TMDL estimates are
currently the most comprehensive available and provide a valuable startingt@aliscuss
additional research needs and opportunities, as well as loading reductions. Descriptions of
phosphorus loading by land use type follow FigwE22and Table Z; that loading data is also

from TMDL estimates.

36


https://dec.vermont.gov/sites/dec/files/wsm/mapp/docs/Basin17_TBP_Signed.pdf

QUEBEC WATERSHED PHOSPHORUS LOADING

Golf, 0.2, 1.5%

Farmstead,

Forest/ Shrub,
0.5,2.8%

2.3,14.4% Devalopasl, 1.5,

20.5%
i Water/ Wetland,
‘ 1.2,7.5%
DirtRd., 2.2,

13.5%
Crop, 1.7,

10.8%

Pasture, 1.3,
7.9% Hay, 1.9,

11.9% Paved Rd.,

VERMONT WATERSHED PHOSPHORUS LOADING

Paved Rd., 0.6, 1.2%
Developed,
45, 8.6%

Water/ Wetland, 1.5,
2.8% Forest/ Shrub,

4.9,9.4% DirtRd.,

43,82% \ | ww
0.6,1.2%
Stream, 10.8, 20.5%

Hay, 9.8, 18.7%

Farmstead,
3.8,7.2%

Pasture,
Crop, 7.4, 14.0% 3.0,5.7%

Figure 212. Estimated phosphorus loading by land use tgpeake Memphremagog in metric
tons per year (mT/y) and percent loading
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Table 27. Estimated phosphorus loading by land use tgpeake Memphremagog in metric tons

er year (mT/y) and percent loading

Estimated loading Estimated loading | Total Estimated
Land Use Type from Quebec from Vermont Loading

Watershed (mT/y) | Watershed (mT/y) | (mTly)
Crop 1.7 7.4 9.1
Developed Land 3.3 4.5 7.8
Dirt Roads 2.2 4.3 6.5
Farmstead 0.5 3.8 4.3
Forest/Shrub 2.3 4.9 7.2
Golf 0.2 N/A 0.2
Hay 1.9 9.8 11.7
Pasture 1.3 3.0 4.3
Paved Roads 0.3 0.6 0.9
Septic 1.0 1.3 2.3
Stream N/A 10.8 10.8
Water/Wetland 1.2 15 2.7
WWTF 0.2 0.6 .8
L‘;t;'ng estimateq g 4 52.7 68.7

2.3.1. Agricultural Sources - TMDL estimates

On the Vermont side of the watershed, runoff from agricultural lands is the largest source of
phosphorus loading into the tributaries of Lake Memphremagog (VDEC, 2017c).

Based on the TMDL model, is it estimated that agricultural runoff from the Vermdatshad
contributes 24 mT/y of phosphorus into Lake Memphremagog or 45.6% of the total Vermont
loading. Agriculture in Quebec is estimated to contribute 5.4 mT/y of the phosphorus or 33.4% of
total Quebec loading.
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2.3.2. Developed Lands TMDL

estimates

Developed Lands are estimated to contribute 1
mT/y or 20.5% of the total phosphorus loading frg
Vermont to Lake Memphremagog which comes frg
develoged parcels, dirt roads, paved roads, and priy
septic. In the Quebec watershed, developed landg
the largest sources of phosphorus estimated
contribute 6.8 mT/y or 42.2% of the total loading frg

Quebec.

2.3.3. Point Sources TMDL estimates

Vermont has far Municipal Wastewater Treatmer
Facilities (WWTF) that discharge into the Lak
Memphremagog watershed. Combined, these facili
are estimated to contribute 0.6 mT/y or 1.2% of {
total Vermont phosphorus loading into Lak
Memphremagog Kigure 212). The largest of these
WWTF is located in Newport City, with the thre
others in Barton, Brighton, and Orleans (a village un
the municipal jurisdiction of Barton, Vermont). Th

Quebec portion also has four WWTF that discha

NEWSVT Coventry Landfill

Concerns were expressed about
potential phosphorus loading fro
the New England Waste Services
Vermont, Inc.(NEWSVT) Coventry
Landfill and associated leacha
treatment in the watershed as part
the stakeholder survey. Constructi
and operatiodastormwater permits
are in place for this facility which
require treatment practices that lin
potential phosphorus loading fro
stormwater runoff. The Coventr
Landfill also accounts for less ths
one percent of the impervious surfa
area in the Vermdnportion of the
watershednot related to roads. Th
Newport WWTF has receive
leachate from the Coventry Landfil
but the WWTF has a permit limitatio
on phosphorus loading and treatmé
designed to remove phosphort
There are no indications th;
phosplorus loading has increase
with the treatment of leachate at th
facility and phosphorus loading leve
have remained far below what

permitted for this WWTF(VDEC

2017b) Based on this analysis the
is no indication that the Coventr
Landfill or itsleachate is a significan
source of nutrients to Lak
Memphremagog.

into the Lake Memphremagog weashed: two irthe

municipality of Stanstead Township (Fitch Bay and Georgeville), one in -&a&noitdu-Lac and
one in themunicipality of Orford Township Yezina & Desilets, 20090rford, 2018). WWTF in

Quebec are estimated to contribute 0.2 mT/y oroi#%e total phosphorus loading from Quebec.
Table 28 shows the annual phosphorus load estimates in kg/year from all the WWTF in the
watershed. These values were used to estimate loading in the TMDL model with updates for the
St. Benoit and Orford faciigs which were upgraded after the TMDL modeling was completed.
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Table 28. Annual phosphorus load estimates for each WWTF

WWTF Annual  phosphorus load estimates
(kglyear)

Barton (VT) 113

Brighton (VT) 295

Fitch Bay (QC) 10

Georgeville (QC) 1

Newport (VT) 391

Orford (QC) 104

Orleans (VT) 35

St-Benoit (QC) 3

2.3.4. Recreational SourcesTMDL estimates

Currently, Vermont does not have an estimate of the phosphorus loading from specific recreational
sources included in thEMDL. The only contributing recreational source accounted for in the
TMDL in Vermont would be golf courses, of which there are three within the Memphremagog
watershed; however, phosphorus from golf courses is accounted for in the developed lands portion
of the Vermont TMDL model. There are no downhill ski areas within the watershed in Vermont
and two in Quebec (Owl bés Head and Orford Moun
courses contribute 0.2 mT/y of phosphorus or 1.5% of the total Quebdmdo Another
recreational source of nutrients in Lake Memphremagog that was not estimated in the TMDL
model is the loading from boating activities. Boating practices causes shoreline erosion within 300
m or less of the shore, and the resuspension ofneads in shallow areas of the lakéefcier

Blais & Prairie, 2014; Raymond & Galw&outier, 201%. The impact of black waters discharge

from boats on the lake is unknown, but fpeélic discharge stations are located only at the two

extremity of the lak, in Magog and Newport.

2.3.5. Other-TMDL estimates

Other sources of phosphorus contribute 17.2 mT/y or 32.7% of the total Vermont loading into

Lake Memphremagog. Using TMDL estimates, this breaks down to 2.8% from water/wetlands,
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9.4% from forests/shrubs, @r20.5% from stream channel erosion. Stream channel erosion is
primarily caused by conversions from natuaa to cleared land or agricultural land. In Quebec,
loading from forest/shrubs and water/wetlands are estimated to contribute 3.5 mT/y or 21.9% o
the total loading from Quebethis breaks down to 7.5% from wetland/water and 14.4% from
forest/shrub. Loading estimates from stream channel erosion in Quebec were not calculated in the
TMDL. In Vermont, the majority of phosphorus loading from the stredannel erosion was
estimated to come from thewer reaches of the Black and Barton Rivefsvhich there are not

any rivers of a similar size in the Quebec portion of the watershed. For this reason, it is not expected
that stream channel erosiaould be a significant loading source for the Quebec portions of the

watershed but additional analysis is needed to confirm.

2.4. Effects of Nutrients on the Lake Memphremagog Ecosystem

While eutrophication can be a natural process of aging of lakes chaetteyian increase in the
productivity of a lake, excessive inputs of nutrients (particularly phosphorus, which is the principal
limiting nutrient for algae) from human activities can have several negative effects on aquatic
ecosystems, like Lake Memphrenogg i) the decrease in biodiversity and changes in dominant
biota; ii) the decline in ecologically sensitive species and increase in tolerant species; iii) the
increase in plant and animal biomass; iv) the increase in turbidity; v) the increase in orageic
leading to high sedimentation; vi) the development of anoxic conditions (Environment Canada,
2004).

2.4.1. Cyanobacteria blooms

Cyanobacteria, @grsenkabganeas abeteuaquatic prol
conditions can form blooms, which refer to the result of a massive proliferation phase, resulting in

a significant appearance of biomass, that may persist larggnorter depending on the case
(Lavoieet al, 2007b). Under certain conditions, cyanobacteria rise to the surface and accumulate

in the form of scum. The scum can then be swept by the wind and can concentrate near the shore.
Some species are capablgpobducing toxic compounds known as cyanotoxins. The contact, the
ingestion or the inhalation of cyanobacteria or cyanotoxins can affect the health birds, fish, and

other wildlife, as well as humanSyanobacteria blooms can impact swimming, other recrealtio
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activities and water supply uses, and some beaches may be closed to swimmers. The cyanotoxins

can be difficult to remove from water without specific treatment systems (Ellis, 2009).

Phosphorus is generally the principal nutrient responsible for bgateria blooms (Lavoiet al,

2007b). Some meteorological factors also influence the accumulation of cyanobacteria by
affecting the thermic stratification of lakes: calm periods and high temperatures favour the stability
of the water column which beneftie cyanobacteria. While phosphorus and the stability of the
water column seem to be the main factors responsible for the cyanobacteria proliferation, nitrogen
is also a determining factor in the production of the toxins according to several studias étavo

al., 2007b). Climate change can stimulate the formation of algal blooms by increasing water
temperatures anthe frequency ohigh intensity rainfall eventsSeveral species of cyanobacteria

will further develop when the waters are warmer. In additiagh intensity rainfall eventeach

soil and lead to more phosphorus in water bodies.

Between 2006 and 2018, 145 cyanobacteria bloom observations have been reported by citizens,

organizations or municipalities to the Ministry of Environment and Figjginst Climate

ChanggMELCC,Mi ni st re de | 6Environment et de | a Lu

on the Quebec side of Lake Memphremagog (Appendix Zhe most bloom observations have
been reported in Fitch Bay (38), Greene Bay (26) and Magog Bay (19), particularly in 2007 (18),
2008 (30) and 2012 (20). Not all the 145 reported cyanobacteria lvere analyzed in the
laboratoryby MELCC to confirmthe presence ad bloom.The MELCC considers that 20,000
cells/mL reflects the presence of a bloom. From 2004 to 2018 inclusively, 39 samples confirmed

the presence of a c vy a isinb)arc thee149 sampled analyaed wih2 0, 0

microscope by the MELCC (MELCC, 2019, unpublished data).

Between 2002017 there were 11 observations of cyanobacteria macehypbacteriaolunteer
monitors on the Vermont portion of Lake Memphremagog. The respliesented do not
necessarily mean that the issue of cyanobacteria is more important on the Quebec portion of the
lake. Cyanobacteria monitoring and sampling methods are different in Quebec and Vermont and
the results are not comparable. Appendkx Iists the date and location of recorded observations.
Ful I data sets are available as part of the
data from 2012 to the present is available online at:

http://www.healthvermont.gov/tracking/cyanobactdracker.
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2.4.2. Hypoxia

Hypoxia, or low oxygen, is commonly defined as dissolved oxygen levels at or belo8 thg/2

range (Arend, 2011). It occurs in the bottom layer (hypolimniospafe highly productive areas

of lakes typically during the late summer. As organic matter such as algae decomposes, bacteria
consume oxygen in the water column, leading to oxygen depletion. Insofar as nutrient loading can
increase the frequency, densitydaturation of algal blooms, nutrient loading indirectly increases

the frequency and areal extent of hypoxia in lakes. Hypoxia can have negative impact on fish. It
can limit fish growth, survival, and reproductive capacity, can lead to shifts in speutidsition

and, less frequently, lead to fish kills. In extreme cases, anoxia (absence of oxygen) can lead to the
release of phosphorus linked to the iron in the sediments and can represent an additional

phosphorus load to a water body.

Profiles of dissaled oxygen were taken six times a year between May and August, in 2013 to
2016, at 10 stations in Lake Memphremagog (MCI, 2013a; 2014a; 2015a; 2016a). One of these
profiles wasalsodone in October of 2016 at the 10 stations. These results show thatehipsxi

never been observed at three of 1Bestations (Magog River, Sargent Bay and the central part of

the lake, where the caldé the oximetedo not reach the bottom). Hypoxia has been measured on
rare occasions at the bottom of six stations (from one to three times on the 24 sampling days; site
03020@®0, 03020@2, 03020®3, 03020®@4, 03020@6, 0302@460f Figure 26, see Appendix-2

6). Hypoxiaoccurs frequently at only one station, at the last 4m of the-seeghstation of Fitch

Bay, which is around 17m deep (site 03022)0The bottom of this station has low concentrations

of oxygen every year from the month of July to the end of the morgtesason. Frequent profiles

have been taken in Vermont since 2005 in both South Bay and at two locations in the center of the
main lake in Vermont and there have only been isolated occurrences of hypoxia measured at one
meter above the bottom in the m#ke stationgMemph 03 and Memph 0gf Figure 26). The
segmented lake model developed for the Lake Memphremagog phosphorus TMDL did not suggest
substantial internal phosphorus loading from any lake segmé&he&se is a need to better
characterize theqtential for internal phosphorus loading particularly with considerations for

changes in the length of stratification which may occur with climate change
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2.4.3. Effects on aquatic fauna and flora

When phosphorous becomes too abundant, it causes excessivedgjragutatic plants and affects

the composition of aquatic fauna present. It is difficult to characterize the effect of nutrients on
wildlife in Lake Memphremagog, because few projects have studied the evolution of the flora and
fauna. In 2004 and 2005, theoject Operation Healthy Lake described the condition of the littoral
zone around Lake Memphremagog (sediments, aquatic plants and green algae) (RAPPEL & MCI,
2005 2006). The study showed that a number of regions of the littoral zone present a considerable
accumulation of fine particles, a proliferation of aquatic plants, significant communities of
Eurasian watermilfoil and abundant green algae. In 2015, a stéitglinBay showed an increase

of aquatic plants coverage on the littoral from 41% to 55 % between 2004 and 2015 (MCI, 2016b).

Since 2002, the Ministry of Forests, Wildlife and Parks (MR¥Rjstere des Foréts, de la Faune

et des Parcssampled32 speciesof fish in Lake Memphremagog including five species of
salmonidsas the Lake TroutSalvelinus namaycuyhnd the Landlocked Salm@¢B8almo salar)
indicator species of the environment qualifiyFFP, 2018, unpublished data). As explained
previously, the @lae blooms and the hypoxia can have different impacts on the fish communities.
The suspended matters rich in nutriez@ealsohave impacts on wildlife: thegan cause abrasion

of the gills of fishes, fill in spawning grounds, decrease dissolved oxygemminations in the
water, and create muddy bottoms favorable to the implantation and growth of aquatic plants. The
impacts of the suspended matters are more visible amitheh of some tributaries of Lake
Memphremagog, including Castle Brook and Fitch Brook, where deltas have formed (JFSA, 2016;
Beaudinet al, 2017).

Variousinvasive specieare found in Lake Memphremagagcludingthe Eurasian watermilfoil
(Myriophyllum sjcatum), curly leaf pondweed Rotamogeton crisplis starry stonewort
(Nitellopsis obtuspand zebra musseD(eissena polymorpha(RAPPEL & MCI, 2005; 2006;
VDEC, 2015; Picard & Doyon, 2018). The Eurasian watermilfoil isrttege abundanéxotic
invasive pant in Lake Memphremagog is found in nearly the entire littoral zone of the lake
(RAPPEL & MCI, 2005; 2006; MELCC, 2018). Curly leaf pondweed is found in various areas
around the lake (RAPPEL & MCI, 2005; 2006). Starry stonewort was found in 20X5 intSt 6 s
Cove in the Vermont portion of Lake Memphremagog. It has $irea found irSouth Bay and

in the main lake in Vermont, but has not yet been found in Quebec (VDEC, 2015a). The
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establishment of zebra mussel colonies was confirmed in 2@8&ahec bthave not been found
in Vermont (Picard & Doyon, 2018).

2.4.4. Human Health and socieeconomic effects

Nutrient loading in an aquatic ecosystem may adversely affect human health and localyeconom
in numerous ways: i) the treatment of potable water may be difficult and costlyviataesupply

may have an unacceptable taste or odor problem; iii) the water nteyribéulto health; iv) the
aesthetic/ recreational value of the water body mayedser, v) the macrophyte growth may
impede water flow and navigation; vi) important speéteshe local economye.g. salmonids)

may disappear (Environment Canada, 2004).

Nutrient loading can have adverse effects on human hefattle lake userBy inaeasing the risk

of swimmerdés itch (or cercarial dermatitis) a
Memphremagog. Swimmero6s itch is an i mmune r eaf
in aquatic snails and birds. It occurs after peape infected by a freeving transmission stage

of the parasite (cercarigjhich emerge from the snail in search of the next host. The parasite is
unable to complete its life cycle in humans, and the cercaria dies in human skin, causing itchy
papulesa st i ng up to ten days. The risk of swi mmer
eutrophication as the nutrients increase the snail and bird population (Locke & Marcogliese, 2005).

In Lake Memphremagog, the trends in this infection frequency keawmn, but 23 cases were

recorded in the Quebec side of lake Memphremagog during the summer of 2013 (MCI, 2013b).

Concerning cgnobacteria impacten human healthfor the Province of Quebec, the health
standard is 1.5 pg/L of the microcystiR (MC-LR) equivalent toxicity for drinking water by the
Regulation respecting the quality of drinkingwat® gl ement sur | a ,qual it
Chapitre @2, r. 40) from theEnvironment Quality Act(LQE, Loi sur la qualité de

I 6 e nvi r)orThengadelieafor swimming and other recreational water activiigekess than

16 pgl MC-LR equivalent toxicity (INSPQ, 2017). An epidemiologic study done in three lakes

in the Province of Quebec showed that the risk of severe gastrointestinal symptomisigoccurr
during recreational activitiewith direct or indirect contact with wateincreases according to
cyanobacteria abundance classes: less than 20,000 cel./mL; from 20,000 to 100,000 cel./mL; and
more than 100,000 cel./ml (Lévesqesl, 2014).
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The migocystinLR equivalent toxicity concentrations in cyanobacteria blooms in Lake
Memphremagog were evaluated by the MELCC between 2004 and 2018 (Quebec/Vermont
Steering Committee, 2008; MELCC, 2018, unpublished data). On the 39 cyanobacteria samples
confirmed f or bl ooms by microscope (020 000 cell s/

microcystin results were:

A 17 samples without microcystin detection;
A 8 samples with microscytin detection but lower than 1.5 MC-LR equivalent toxicity;

A 4 samples frm 1,5 pgL to less than 16 pg/MC-LR equivalent toxicity. Note that 1,5
MOLmaxi mum shouldn't normally be apply for
water. Then, the standard value shoul@egliedat the faucet water after water treatment;

A 1 sample over recreational guideline of 16LUNIC-LR equivalent toxicity:

To prevent the effects of cyanobacteria blooms on human health, the Ministry of Health and Social
Services (MSSMinistére de la Santé et des Services sogiemcommends to stay 3m away from
a cyanobacteria bloom, avoid caat with it, avoid any activities of direct or indirect contact with
water 24 hours after it disappearance, and to rinse quickly with uncontaminated water after an

inadvertent contact (Gouvernement du Québec, 2019a).

The incidence of cyanobacteria blooo# also have soceconomic effects on the users of the

lake. Preventive drinking water avoidance advisories had been issued in 2007 in Potton and Saint
Benoitdu-Lac (MDDEFP, 2014). Some residents around the lake who own individual water intake
may haveavoided or stopped to use Lake Memphremagog as their drinking water source. Public
preventive warnings and beach closures are sometimes issued in swimming areas in both Quebec
and Vermont. The last warning issued because of the presence of cyanobaotens Wwhs
between July and July &, 2018 for a beach at Magog (Doyon, S., MCI, 2019, pers. com.). The
impact off the cyanobacteria blooms on the property values around Lake Memphremagog are
unknown, but a decrease of the value of the properties havediserved around other water
bodies (Blais, 2002).

I Note that cyanobacteria densities and cyanotoxins concentrations change quickly in time and space. Then, those
results show pictures for specific times and days and specific locations in lake.
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It is difficult to measure how the increase of the aquatic plant cover and of the suspended matter
concentrations (which affect the esthetic quality of the water) affect the recreation, tourism, and
property values around Lake Memphremagog. One sempmomic effect example is the reduction

of the boating practice in some areas. A segment of Castle Brook was straightened in the beginning
of the 1960s to allow boating to Lake Memphremagog (JFSA, 20h&)capacity to navigate in

this tributary was a relevant incentive to purchase a residence for whom arrived after this
significant modification of Castle Brook. Since then, the brook began to fill with sediments mainly
because of a normal morphologicaldgstment of thestraightenedegmen{JFSA, 2016). The

boating practice is now threatened in this area. It is estimated that best management practices
would reduce sediment loading of 5 to 15% of the total annual loading and will allow to extend

the boatng practice in this area (JFSA, 2016).
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Appendix 2-1
Bathymetry of Lake Memphremagog
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Appendix 2-2
Lake Memphremagog Watershed: Steep slopes and elevation areas
higher than 350m
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Appendix 2-3
Map of Lake Memphremagog Watershed Land Use
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Appendix 2-4
Protected Areas in Lake Memphremagog Watershed,

Canada and United States

54



150000 175000 200000
1 1

.—

o N o
e b =1
=3 (=3
0 - g S Sy
§ \ W@E §
. Y -
po—
[
I
I
| — —
I
I
I
I
I
o o o . ) ]h o
g L8
O - - -— O
8 I 8
w0 . [Te}
fi— -
1 1
! L
CANADA ,' ‘
USA ” .
J \\
/
/
/
— —t
o | B - ‘l\ =3
g 4 g
0 - N - LD
~ ~
=) / o
< / sl <
/ N
— - \~, 9 '/'
o
/Xn‘ /!
g
o / \ \
F AN
/ ! \\ Ny
/ \
\
- Vi
o N . o
=3 N\~ ~ ~ =3
- % SLE
0 X ~N \ n
e| / ~ . 2
/ N Y
// N .
, N
,/ N
p | Y J N
- 7 20 / 30
Ny g 7,-‘ krr}/
T T T
Data sources:
Legend - Protected Areas © Government of Québec
© Corridor appalachien (2019)
- Private Protected Area =s====== Boundary o C%n'ﬁrsf'o(r;g;ggirgglhg:ulrt‘}fg;matlon
All rights reserved
- Public Protected Area D MRC and County October 2019
Protected Area . ’ Municipality A f
[ £ 0gesa
Watershed Bound N
[ ] wetershed Boundary Projection MTM7 Nad 83
EPSG : 2949

Note: In Quebec, the entire superficies of the protected areas are shown on the map, when in Vermont, the superfici
inside the watershed appear. In Quebec, a differentiation between private and public protected areas is available.

55



Appendix 2-5
Reported Cyanobacteria Observations on Lake Memphremagog,

Canada and United States

56



Table 29. Reported Cyanobacteria Observations in the Quebec portion of Lake Memphremagog,
20062018

Date Location
08-25-2006 Cedarville Dock
10-06-2006 Carlton Oliver Road Potton; Greene Bay
11-10-2006 Southiere Beach
06-18-2007 Greene Bay
06-25-2007 Greene Bay
07-03-2007 Forand landing Fitch Bay
07-10-2007 Fitch Bay; Greene Bay
07-31-2007 Greene Bay
08-02-2007 Macpherson Bay
09-18-2007 Marina Fitch Bay
09-23-2007 Channel Bay
09-27-2007 Carlton Oliver Road Potton; Entrance of Fitch Bay at the tip of the Wetstone Island
10-18-2007 Greene Bay
10-19-2007 Greene Bay
11-04-2007 Viens Road Magog
10-05-2007 Sargent Bay; Quinn Bay; Knowlton landing
10-06-2007 Between the Abbey and Bryant's landing
06-22-2008 Channel Bay; Greene Bay
06-23-2008 Channel Bay; Greene Bay; Saint-Benoit-du-lac
06-25-2008 Between Southiére-sur-lel-lac and Cummins Bay; Channel Bay; Greene Bay
06-26-2008 Hermitage Club; De I'Anse Bay; Marina Magog
06-27-2008 Hermitage Club; Fitch Bay
06-29-2008 Knowlton Landing; Greene Bay
07-06-2008 Bullis Point
07-20-2008 CNRY /dzYYiAya .l & {2 . NeBlIyiQa [
08-05-2008 Fitch Bay
08-11-2008 Greene Bay
09-13-2008 CNEY hgtQa ISR 2 bSgLIRNIT CA
09-23-2008 +tAffra RS tQlyas
10-13-2008 East side of Magoon Point, Hermitage Club
10-15-2008 Hermitage Club
10-18-2008 From Southiére Beach to Bryant's landing
10-26-2008 Greene Bay
10-27-2008 Greene Bay
11-06-2008 Sargent Bay
11-08-2008 Greene Bay
06-19-2009 Fitch Bay
06-23-2009 Greene Bay
06-28-2009 Greene Bay
07-09-2009 des Cantons Beach
10-04-2009 Greene Bay
06-13-2010 Channel Bay; Bryant's landing; Greene Bay; Sargent Bay; Southiére Beach; Marina Saint-B¢
06-14-2010 Fitch Bay
06-18-2010 Marina Saint-Benoit; William Abbott Road Potton
06-22-2010 Quinn Bay
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06-10-2011 Bryant's Landing
07-19-2011 All the lake

07-28-2011 Marina Merry Club
09-20-2011 Fitch Bay (Forand Park)
09-25-2011 Owl's Head until the US border
10-19-2011 Fitch Bay

10-27-2011 Fitch Bay

11-15-2011 Greene Bay
11-24-2011 Fitch Bay (Bombardier Road)
12-06-2011 Sargent Bay
07-01-2012 From Magog to Sargent Bay; Greene Bay
07-11-2012 All the lake

07-13-2012 Greene Bay
07-15-2012 William Abbott Road Potton; Beach Ouest Macpherson Dock
07-16-2012 Knowlton Landing Road
07-20-2012 Fischer Road Austin;
07-21-2012 Descente 22 Ogden
07-23-2012 Descente 22 Ogden
07-28-2012 Vale Perkins Dock
07-29-2012 Fitch Bay

08-09-2012 Fitch Bay

08-24-2012 Narrow Road Fitch Bay
09-02-2012 Magoon Point; Fitch Bay
10-02-2012 Fitch Bay; Lime Kiln Bay
10-12-2017 Fitch Bay (Bosquets fleury Road)
10-26-2012 Magog Bay
06-13-2013 De I'Anse Bay; Sargent Bay; Greene Bay; Center of the lake near Lord Island
06-26-2013 Greene Bay; Sargent Bay
06-27-2013 Greene Bay
07-22-2013 Sargent Bay
08-17-2013 Fitch Bay

10-12-2013 Viens Road Magog
10-29-2013 Owl's Head
07-30-2014 Magog Bay
09-19-2014 Fitch Bay

11-17-2014 Fitch Bay

06-30-2015 Marina Merry Club
07-07-2015 Magog Bay (De I'Ouest Beach)
07-25-2015 Fitch Bay

07-29-2015 Fitch Bay

08-07-2015 Fitch Bay (Forand Park)
08-08-2015 Fitch Bay (North-East)
08-22-2015 Fitch Bay (North-East)
09-01-2015 Fitch Bay (North-East)
09-02-2015 Fitch Bay (Bosquet Fleury Road)
09-21-2015 Fitch Bay (Bosquet Fleury Road)
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06-25-2016 All the lake

06-28-2016 Greene Bay

06-29-2016 Merry sud Road Magog

07-12-2016 Greene Bay; Bryant Landing; Glassford Road
08-02-2016 Fitch Bay (North-East)

08-09-2016 Fitch Bay (Bedwell Road)

08-20-2016 Fitch Bay (North-East)

09-02-2016 Marina Merry Club

06-19-2017 Magog Bay (De I'Ouest Beach and De I'Est Beach)
06-20-2017 Arrow Head Road Stanstead

06-27-2018 Greene Bay; Sargent Bay; Castle brook; Merry Point
06-29-2018 Sargent Bay; Yacht Club Bay
06-30-2018 Fitch Bay; Magoon Point

07-04-2018 Marina Merry Club

08-07-2018 Fitch Bay (North-East)

08-12-2018 Narrow Road Fitch Bay

08-27-2018 Fitch Bay (North-East)

09-14-2018 Fitch Bay

(MELCC, 2018, unpublished data)

Table 210. Reported cyanobacteria in Vermont portion of Lake Memphremagog by volunteer
monitors, 20062017

Date Location
08-17-2006 Eagle Point
09-12-2006 Newport waterfront
06-09-2010 Derby Bay
10-12-2010 Prouty Bay
10-26-2010 North Derby Bay
10-24-2011 Eagle Point WMA
10-02-2012 Newport and east shore just south of the border
09-23-2015 Derby Bay
09-27-2016 Eagle Point WMA
09-12-2017 Newport City Dock
09-14-2017 NewportCity Dock

(Vermont Department of Health, 2018; K Lambert, Pers. Comm, 2018)
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Appendix 2-6
Dissolved oxygen concentrations at 8 stations of Lake

Memphremagog between 2014 and 2016

(see Figure &b for the localization of thsetations)
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